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Important bibliography:

For a review on Maximally Localized Wannier functions:



Important bibliography:

The user guide of the WANNIER90 code

Released under the GNU General Public License (v2):
http://www.wannier.org

Latest stable release: 5 March 2020



WANNIER90 code directly called from SIESTA

WANNIER90 code (version 3.1.0) has been compiled 
in library mode and called directly from SIESTA 

That means that we can run all the functionalities of 
WANNIER90 directly from SIESTA

Advantages

• No need to prepare two different input files

• No need to run WANNIER90 in pre-processing mode

• We can use the basis set of SIESTA (numerical atomic orbitals) as the initial 
guess for the projections

• Wannierization of different manifolds can be done in the same run of SIESTA

• The unitary matrices connecting the Bloch and Wannier representations are 
available in SIESTA.  

New functionalities can follow (initial guesses for order-N simulations)

• Interface with other codes will be much easier:

SCALE-UP (second-principles)

DMFTWDFT (DMFT code by Aldo Romero’s group)



WANNIER90 code directly called from SIESTA

Practical examples:

h-BN



h-BN: atomic structure in SIESTA



h-BN: atomic structure in SIESTA



After running SIESTA and compute the fat bands,       
we can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy windowWhich atoms contribute more to the bands at a particular energy window
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After running SIESTA and compute the fat bands,       
we can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy window

Three bands: sp2 character
The lower three bands have contributions from the 2s, 2px and 2py orbitals of B 

and N 

One band : N-pz  character



After running SIESTA and compute the fat bands,       
we can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy window

sp2 orbitals of the VB are centered on the center of the B-N bonds. 
Then, we project onto orbitals of ghost atoms centered at these 

positions



After running SIESTA and compute the fat bands,       
we can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy window

π-orbitals of the VB have a higher contribution from the N-pz orbitals. 
Then, we project onto N-pz orbitals.



h-BN, 

including bond centered Hydrogen ghost atoms 



SIESTA variables related with the wannierization

Number of manifolds to wannierize

As many lines in the block as 
manifolds will be wannierized

A nickname is given to each manifold



SIESTA variables related with the wannierization

Information for every manifold

The nickname of every manifold is appended here to 
the keyword WannierManifold

As many WannierManifolds blocks as manifolds considered for wannierization



SIESTA variables related with the wannierization
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SIESTA variables related with the wannierization

Take a look to the 
SystemLabel.ORB_INDX file

s-orbital centered on one of the bonds

A good initial guess to project the 
bands of the three lower bands  

are s orbitals centered on the B-N 
bonds

s-orbital centered on one of the bonds

s-orbital centered on one of the bonds



SIESTA variables related with the wannierization

Take a look to the 
SystemLabel.ORB_INDX file

pz-orbitals of the N atom

A good initial guess to project the 
bands of the higher band of the 
VB  is the pz-orbital centered on 

the N atom



SIESTA variables related with the wannierization

Number of iterations for the minimization of the localization functional

If zero, then the procedure is the same as a Löwdin orthonormalization

The resulting Wannier functions will keep the symmetry of the 
projection function, but it will not be maximally localized



SIESTA variables related with the wannierization

Flag to determine whether the Fermi Surface is computed or not



SIESTA variables related with the wannierization

Instruction to plot the Wannier functions

The integer refers to the size of the supercell for plotting the Wannier functions



SIESTA variables related with the wannierization

Flag to determine whether the Hamiltonian in real space in a basis of Wannier 
functions is written

SystemLabel.manifold.X_hr.dat

X is the nickname of the manifold



SIESTA variables related with the wannierization

Flag to determine whether the lattice vectors, Hamiltonian in real space and 
position operator in a basis of Wannier functions are written

SystemLabel.manifold.X_tb.dat

X is the nickname of the manifold



SIESTA variables related with the wannierization

Number of k-points used in the Wannierization  



Succesful output of SIESTA 



Succesful output of SIESTA 
The output is exactly the 
same as the WANNIER90 

code
h-BN.manifold.first.wout

3 WF centered on the B-N bonds
The spread of the Wannier 

functions (in Å) is three  fold 
degenerated 



Succesful output of SIESTA 
The output is exactly the 
same as the WANNIER90 

code
h-BN.manifold.first.wout

1 WF centered on the N atom



How to plot the Wannier functions

seedname.fdf file
(input of SIESTA)

First of all, SIESTA has to write the periodic part of the Bloch functions in a 3D 
grid. The number of points in the grid along the three lattice vectors are given by 

This produces many files with the name UNKXXXXX.Y where
• XXXXX is the number of the k-point, from 1 to the number of 

points included in seedname.win file 
• Y refers to the spin compoment (1 or 2)



Wannier functions

sp2-orbital π-orbital



How to plot the Wannier functions

seedname.fdf file
(input of SIESTA)

First of all, SIESTA has to write the periodic part of the Bloch functions in a 3D 
grid. The number of points in the grid along the three lattice vectors are given by 

This produces many files with the name UNKXXXXX.Y where
• XXXXX is the number of the k-point, from 1 to the number of 

points included in seedname.win file 
• Y refers to the spin compoment (1 or 2)
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